Advanced nuclear fuel cycles rely heavily on the successful chemical separation of various elements in used fuels. Numerous solvent extraction (SX) processes have been developed for the recovery and purification of metal ions from this material. However, the predictability of process operations has been challenged by the lack of a fundamental understanding of the chemical interactions in several of these separation systems. One example is the process for the separation of trivalent actinide-An(III)-from trivalent lanthanide-Ln(III)-elements, where gaps in the thermodynamic description of the mechanism make predictions very challenging. Recent studies of this system, in particular, as well as past studies of SX, in general, have suggested that aggregate formation, most notably reverse micellization, in the organic phase results in a transformation of its selectivity and efficiency. Aggregation phenomena have consistently interfered in SX process development, and, over the years, have become synonymous with an undesirable effect that must be prevented. Here we propose a 4-year research effort to derive the fundamental principles of solvation and self-organization in nonaqueous solutions as the experimental conditions of the organic solution become increasingly disposed towards aggregation. The proposed work will blend the thermodynamic, structural, and theoretical investigations of evolving solute architectures to enhance our understanding of the supramolecular chemistry governing aggregate formation, especially in challenging separation systems such as An(III)/Ln(III) partitioning. The relationships to be established between the structures and the energetics of the molecular interactions will outline new theoretical descriptions of metal ion transport phenomena between aqueous environments and highly organized non-aqueous media.
